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QUANTITATIVE HISTOCHEMISTRY OF THE PRIMATE SKIN
IX. PHOSPHOGLYCERATE KINASE AND PHOSPHOGLYCERATE MUTASE*
KENJI ADACHI, M.D., Pn.D. AND SHOKO YAMASAWA, B.Sc.
The enzyme phosphoglycerate kinase catalyzes
the reversible phosphoryl group transfer from
the carboxyl group in 1, 3-diphosphoglyceric
acid (ppGA) to adenosine diphosphate (ADP),
yielding 3-phosphoglyeeric acid (3-PGA) and
adenosine triphosphate (ATP). This reaction is
an integral part of the Embdcn-Meyerhof glyco-
lytic pathway. Like pyruvate kinase, phospho-
glycerate kinase has the significant physiological
role of synthesizing ATP.
Phosphoglyccrate mutase catalyzes the inter-
conversion of 3-phosphoglyccrate (3-PGA) and
2-phosphoglyccrate (2-PGA). The mechanism
of the reaction has been studied in some detail,
and 2,3-diphosphoglyceric acid (2,3-PGA) is a
cofactor for the reaction (1). In the Embdcn-
i\'Ieyerhof glycolytic pathway, this reaction fol-
lows the energy-producing reaction by phospho-
glycerate kinase and precedes the dehydration
by cnolasc.
The occurrence and characteristics of phos-
phoglycerate kinase and mutase in mammalian
tissues have been extensively reviewed (2, 3).
It appears that Bernstein et al. (4) were the
first to suggest the occurrence of phosphogly-
cerate kinase and mutase in the supernatant
fraction of rat skin homogenate. Recently Hal-
prin and Ohkawara (5) demonstrated with a
fluorometric technic these kinase and mutasc
activities in human epidermis, both normal and
psoriatic. We present here a study of some of
the characteristics and the distribution pattern
of phosphoglycerate kinase as well as of phos-
phoglycerate mutase in various parts of the
skin—including hair follicle, sebaceous and
sweat glands—of the rhesus monkey and of the
stump-tail macaquc.
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MATERIALS AND METHODS
The materials and general methods have been
reported in detail in the first two papers of this
series (6, 7).
The enzymatic assay of phosphoglycerate kinase
was based upon the conversion of glyceraldehyde-
3-phosphate (G-3-P) to ppGA by 0-3-P dehydro-
genase with the formation of NADHI 2, 1 followed
by conversion of ppGA to 3-PGA by phospho-
glycerate kinase with the formation of ATP.
0-3-P + Pi + NAD NADH1 + ppGA
ppGA + ADP ATP + 3-PGA
The second reaction impels •the first reaction to-
ward completion and increases the quantity of
NADH2 thus formed. The NADH2, which was
determined fluorometrically, was, under our con-
ditions, directly proportional to the ppGA formed
and to the phosphoglycerate kinase activity.
The complete assay reagent for phosphoglyc-
crate kinase (forward reaction) was similar to that
described by Wu and Racker (8), with slight
modification (Table I). NAD' reduction was meas-
ured as described fur NADPHI measurement (6).
Standards containing 25 mzmoles NADH2 in the
reagent mixture, and two types of blank tubes
(reagent mixture without enzyme and the mixture
without substrate) were incubated simultaneously.
This kinase was also assayed in its reverse re-
action, i.e., towards glucogenesis. The optimal assay
reagent mixture is summarized in Table I. The
formation of NAD° was measured fluorometrically
(7).
Phosophoglycerate mutase activity was deter-
mined by the method of Lowry and Passonneau
22
'Abbreviations used are: NADHI and NAD
nicotinamide adenine dinucleotide, reduced and
oxidized forms, respectively; NADPHI n nico-
tinamide adenine dinucleotide phosphate reduced;
ppGA 1,3-diphosphoglycric acid; 3 (or 2-)-PGA
3 (or 2-)-phosphoglyceric acid; 2,3-PGA = 2,3-
diphosphoglyceric acid; 0-3-P = glyceraldehydc-
3-phosphate; ADP adenosine diphosphate; ATP
= adenosine triphosphate; Fi inorganic phos-
phate.
I All chemicals were commercially available and
of reagent grade. Auxiliary enzymes used were all
crystalline grade. The crystalline glyceraldehyde-
3-phosphate dehydrogenase had a specific activity
of 50 temoles/min/mg protein at 25° C. at pH 7.4(stock solution 4 mg/mfl; pyruvatc kinase, 250jzmoles/mg/min at 37° C. at pH 7.6 (stock solution
4 mg/mU; and lactate dehydnagenase, 400 /Lmoles/
mg/mm at 37° C. at pH 7.5 (stock solution 10
mg/ml).
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TABLE I
Reaction mixturest for enzyme assays
Reaction mixtures
Enzyme
Phosphoglycerate kinase
Phosphoglycerate mutase
Forward reaction Reverse reaction
Buffer Phosphate 50 mM Imidazole, 0.1 M Imidazole, 0.1 M
Optimal pH 6.4 7.7 7.0
Substrate G-3-P, 10 mM 3-PGA, 10 mM 3-PGA, 3 mM
Cofactor and ac-
tivator
NAD, 3 mM
ADP, 1 mM
MgC12, 2.5 mM
NADH2, 1 mM
ATP, 0.8 mM
MgC12 , 2.5 mM
Mercaptoethanol, 2.5mM
2,3-PGA, 0.5 mM
NADH2, 1 mM
ADP, 2 mM
MgSO4, 5 mM
KC1, 50 mM
Auxiliary enzyme G-3-P dehydrogenase, 2
g/ml
G-3-P dehydrogenase, 2
pg/mi
Enolase, 6.25 pg/mI
Pyruvate kinase, 10 pg/
ml
Lactate dehydrogenase, 5
g/ml
Epidermal homog-
enate
5 pi, 0.1% or less 5 pi, 1% or less 5 pI, 0.3% or less
Total reaction vol-
ume
50 ,.l 50 pi 50 pI
* All reaction mixtures contain 0.05% bovine plasma albumin as a stabilizer.
t Maybe substituted with 0.1 M imidazole buffer, with 50mM Pi.
(9), with slight modifications as described below.
The method is based on the fluorometric meas-
urement of NAD* formation which corresponds to
the isomerization of 3-PGA to 2-PGA upon the
addition of a series of auxiliary enzymes—enolase,
pyruvate kinase, and lactate dehydrogenase. Ac-
cording to the optimal rate of the reaction, the
reagent mixture2 as summarized in Table I was
chosen as a basis for the variations encountered
in this work. To obtain maximal rate of reaction,
it was necessary to add the 2, 3-PGA, an essential
cofactor for purified enzyme (10), which enhances
the epidermal glycerate mutase up to 300% (see
REsULTs). After incubation at 37° C. for 30 minutes,
NAD formation was measured exactly as de-
scribed previously (11). Standards containing 10
to 50 mpmoles NADHS in the reagent mixture and
2 types of blank tubes, i.e., reagent blanks (reagent
mixture without enzyme) and enzyme blank (rea-
gent mixture without substrate), were incubated
simultaneously. The enzyme blank is exceedingly
low and negligible. This is because of the high
sensitivity of a fluorometric method which requires
extremely small amounts of enzyme (accordingly,
homogenate). The endogenous level of any sub-
strate (or inhibitor) can be kept low when crude
enzyme is used.
A quantitative histochemical study was made
by averaging 1 pg samples of various parts of skin
dissected from frozen dried skin as described pre-
viously (6). To each sample, 18 pl of the above
reagents were added and the mixture was incu-
bated for 30 minutes at 37° C. The micro deter-
mination of resulting NADH2 and NAD was
measured as previously described.
DL-G-3-P was converted to free acid with
Dowex 50 and stocked at —20° C. It was neutral-
ized with 2 M Tris immediately before use. The
concentration of G-3-P stock solution was peri-
odically checked as alkali labile phosphate (12).
The concentration of ATP was measured enzy-
matically according to the method described by
Lowry et al. (13).
The substrate for phosphoglycerate mutase, 3-
PGA, was prepared from the barium salt of D(-)3-
PGA by the addition of sulfuric acid followed by
neutralization with sodium hydroxide. The sub-
strate concentration was measured by the method
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FIG. 1. pH activity curves. The reaction mix-
tures for the respective enzyme assays as de-
scribed in the text, with different p11's. In the
ordinate, the enzyme activities are expressed as
the percentage activities (the optimal pH activ-ities, as 100). • — phosphoglycerate kinase, for-ward reaction. 0 — phosphoglyceratekinase, reverse reaction and A phospho-
glycerate mutase.
FIG. 2. Effects of the substrate levels. The sub-
strate for the forward reaction of phosphoglyc-
erate kinase (• —) was provided by G-3-P
and crystalline G-3-P dehydrogenase. The common
substrate for both the reverse reaction of the ki-
nase (0 U) and phosphoglycerate mutase(A ) was 3-PGA. The assay systems as
in the text. Only respective substrate concentra-
tions were varied as indicated in this figure.
of Lowry et at. (13), and lactic acid was deter-
mined according to the method of Barker and
Summerson (14).
RESULTS
Effects of pH on Enzyme Activities
The pH curves for phosphoglycerate kinase
and mutase activities are shown in Figure 1.
Their respective optimal pH's were at 6.4 for
phosphoglycerate kinase (forward reaction); at
7.5 for this kinase, (reverse reaction) ; and at
6.8 for phosphoglycerate mutase. The phospho-
glycerate kinase (forward reaction) and phos-
phoglyeerate mutase activities decreased mark-
edly in both acid and alkaline p11 ranges.
Effects of Substrate Concentrations
The effects of substrate concentrations are
shown in Figure 2. These enzyme activities in-
creased concomitantly with increased substrate
concentration.
Phosphoglycerate kinase activity (forward
reaction) reached an optimum at 10 mM G-3-P
and no substrate inhibition was observed; a sim-
ilar curve was obtained for the reverse reaction
of this kinase, 3-PGA as substrate. On the other
hand, the optimal reaction rate of the mutase
was obtained at a final substrate concentration
of 3 to 5 mM, and further increase in substrate
concentration caused slight inhibition of the re-
action rate. The Michaelis constant of this mu-
tase for 3-PGA was 5 >< 10 M for epidermal
homogenate, as estimated from Lineweaver-
Burk and Dixon plots.
Effects of Coenzymes, Cof actors, and Activators
1) Phosphoglycerate kinase, forward reac-
tion.—Figure 3 shows the effect of NAD*. The
optimal NAD concentration ranged approxi-
mately from 1 to 7 mM. No significant decrease
in activity was observed even at 13 mM NAD.
In Figure 4, the effects of inorganic phosphate
(Pi), ADP, and magnesium ion are shown. The
optimal Pi concentration was found to be 50
mJ'vI. The effects of the cofactors for this kinase,
ADP and Mgi', are of interest. Both cofactors
caused significant inhibition of enzyme activity
when added in excess. The effect of ATP was
I0 G3P mM
3PGA
20
%
55
NAD NDH mM
FIG. 3. Effect of NAD on forward reaction(. —) and effect of NADH on reverse reaction
(0 —S--.——) of phosphoglycerat.e kinase. The
assay systems as in the text with different NAD
and NADH concentrations as indicated.
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also tested (Fig. 5). Enzyme activity was in-
versely proportional to the ATF concentration
and was completely inhibited by the addition of
20 mM ATP.
2) Phosphoglycerate kinose, reverse reac-
tion.—Thc effect of NADIT is sbown in Figure
3. The NADH curve shows a narrow peak of
optimal activities between 0.5 to 1 mM; further
increase in NADH concentration causes signifi-
cant inhibition. Optimal rates of this reverse
reaction with other cofactors and activators were
obtained at the following concentrations; ATP
1 6.5 mM (Fig. 5), MgCl2 0.3 — 20 mM, mer-
captoethanol 1 — 20 mM, and crystalline gly-
ceraldehyde-3-phosphate dehydrogenase (10
mg/ml suspension) 1.6 to 50 pg/mI reagent mix-
ture (Fig. 6).
3) Phosphoglycerate mutose.—To test the
effect of the cofactor, 2, 3-PGA, the barium salt
was converted to sodium salt, which was added
to the reagent mixture. The enzyme reaction
rates were doubled at 0.2 mM final concentration
of 2,3-PGA and tripled at 0.4 mM. No con-
comitant increase in activity was obtained by
ATP mM
Fro. 5. Effects of ATP concentration on phos-
phoglyccrato kinasc. Effects of ATP on forward
reaction of this kinase indicated as • and
that of ATP on• reverse reaction as o
Assayed as described in tho text, except for varied
ATP concentration.
further addition of 2,3-PGA np to 12.5 mM,
thus far tested. The effects of adding enolase,
one of the auxiliary enzymes, were tested also
to obtain maximal rate of this mutase reaction
in the epidermal homogenate system. Crystalline
cnolase, concentrations between 3 and 12 p.g/ml
reagent mixture, yielded maximal enzyme ac-
tivity. Optimal concentrations of other auxiliary
enzymes, such as lactate dehydrogcnase and
pyruvate kinase, were determined previously
(11, 15).
Effect of Omitting One Constituent from
the Reaction Mixture
Table II shows the results of omitting one of
00 mM the constituents from the respective assay
media for these enzymes. Essentially no enzyme
activity was assayed when either substrata or co-
factor was omitted from the complete mixtures.
The only exception was the omission of 2, 3-PGA
in the phosphoglycerate mutase assay. This
caused a remarkable decrease in enzyme activity,
but 30% of the maximal activity still remained
in this test system with epidermal homogenate
used as enzyme source. With the omission of an
auxiliary enzyme from each assay system, the
respective enzyme activities were considerably
low. Obviously, it indicates that the homogenate
as an enzyme source contains certain amounts of
endogenous enzymes but not a sufficient amount
to obtain maximal activities of respective en-
zymes.
Time Courses and Effects of
Enzyme Concentrations
The time courses and effects of enzyme con-
centrations for the phosphoglycerate kinase and
100
00
C 4 mM2 3
40 mM
FIG. 4. Effects of cofactors on phosphoglyeerate
kinase (forward reaction). Effects of inorganic
phosphate, ADP and magnesium ion concentra-
tions respectively (from top to bottom). Assayed
as described in the text.
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flo. 6. Effects of cofactors and activator on the
reverse reaction of phosphoglycerate kinase. From
top to bottom, effect of magnesium ion, of mer-
captoethanol concentrations and of crystalline
G-3-P dehydrogenase addition. Test systems as in
the text.
mutase reactions are shown in Figure 7. Linear
rates of reactions were observed up to nearly
16 mtmoles/hr/reaction tube for phosphogly-
eerate kinase (forward reaction), and 35 my.-
moles/hr/tube for phosphoglycerate mutase,
respectively. The reaction rate for reverse reac-
tion of pbosphoglyccratc kinase, however, was
linear for only 20 minntes of incubation at 375
C. and the reaction rate tended to decline there-
after.
As far as the effects of enzyme (homogenate)
concentrations are concerned, the maximal reac-
tion rates for all these enzymes appeared to be
proportional to the amounts of homogenate used.
Distribution Pattern of Enzymes in Skin
and its Appendages
The distribution of phosphoglycerate kinase
and mutase in various parts of the skin of the
rhesus monkey and of the stump-tail macaque is
TABLE II
Effect of omitting one constitz ent from
the reaction mixture*
Phosphoglycerate kinase
Forward Reverse
reaction reaction
0.7 —
— 0
1.0 —
— 1.5
0 —
— 0
1.7 18
24 —
53 32
100 100
* The complete reaction mixtures for respective
enzymes are described in the text. Homogenate
used.
The complete mixture without omission. This
gives optimal value (100). Other values are ex-
pressed as % of maximal activity.
100
-___
Mg Cl2
too
5
summarized in Tables III and IV. In this quan-
titative histochcmical experiment, only forward
reaction of phosphoglyccrate kinasc was ex-
amined, because the revc:rse reaction did not
proceed linearly after 20 minutes of incubation
and this limitation caused technical difficulty
C ib 1o (i.e., much larger amounts of tissue than usual
mM were required).
1) Phosphoglyeerate kioase (forward reac-
______
tion) —It appears that this kinase is highly
uncharacteristically but richly distributed among
the various skin structures. The enzyme ac-
tivities in epidermis, mucous membrane, hair
follicle, eccrine and apocrinc sweat glands, and
sebaccous glands (except for those in the rhesus
scalp) are all within the range of 10 to 20 moles/
kg dry wt/hr. In the keratin layer of the epi-
dermis and in the dermis, only small amounts of
activity are found. The distribution pattern of
this kinase in the rhesus monkey generally re-
sembles that of the stump-tail macaque.
2) Phosphoglycerate mutase.—Epithelial tis-
sues, such as epidermis, mucous membrane, and
hair follicles, generally contain high enzyme ac-
tivities, ranging from 15 to 30 moles/kg dry
wt/hr. In contrast, glandular structures have
less activity (10 to 20 moles/kg dry wt/hr) than
the epithelial tissues do, with the exception of
I00
Omission
G-3-P
3-PGA
2,3-PGA
NAD
NADH
ADP
ATP
MgCI2
Pi
Auxiliary enzyme
Nonet
Phospho-
glycerate
mutase
0
30
0
17
100
the eccrine sweat gland, which appears to possess
the highest activity (20 to 30 moles/kg dry wt/
hr). Little or no activity was found in the dermis
and keratin layer of the sole.
DISCUSSION
Phosphoglycerate Kinase
The assay methods for phosphoglycerate ki-
nase (forward and reverse reactions) were gen-
erally found to be reproducible and reliable.
However, it is advisable to take special pre-
cautions to assure the linearity of this enzyme
reaction in the range used, because the linearity
is relatively limited in comparison with those
of other fluorometric assay methods (cf. ref. 6,
7, 11, 15 and 16). Since the assay method (for
the forward reaction) is based on the equilib-
rium of the glyceraldehyde-3-phosphate dehy-
drogenase reaction, relatively high reagent
blank values are unavoidable. Linear values are
found up to 3 times as high as the reagent blank
value, whereas with other fluorometric methods
the enzyme reactions may proceed linearly to
give values at least 10 times as high as their
reagent blanks. The disadvantages of this kind
of limitation are clear, namely, much longer in-
cubation periods than usual are needed for tis-
sues containing small amounts of enzyme, such
as the dermis and keratin layer, and shorter in-
cubation times, or decreased amounts of enzyme
(tissue) are often necessary for tissues having
particularly high phosphoglycerate kinase ac-
tivities, such as mucous membrane and eccrine
TABLE III
Phosphoglycerate kinase activity in
various skin structures*
Skin structure Rhesus monkey StumP-tall
Scalp
Epidermis 11.2 1.5 9.9 1.2
Hair follicle 14.7 6.2 12.4 1.0
Eecrine gland 19.2 3.0 13.7 1.9
Aprocrine gland — 13.8 1.9
Sebaceous gland 6.8 0.7 10.8 1.3
Dermis <0.8 <0.1
Sole
Keratin layer <0.6 <0.8
Granular layer 8.3 0.5 14.7 1.1
Prickle layer 12.9 2.0 16.2 2.9
Basal layer 16.2 3.5 21.3 3.1
Eccrine gland 11.5 1.5 19.0 2.6
Dermis <0.5 <1.5
Lip
Mucous membrane, 14.1 1.3 20.2 3.1
upper
Mucous membrane, 18.8 3.4 18.9 1.1
lower
Sebaceous gland 11.1 0.7 16.4 1.7
* Enzyme activities are expressed as moles per
kg dry weight skin sample per hour (moles/kg dry
wt/hr) standard error of mean. Each figure is
the mean of from five to eight determinations.
sweat glands. The addition of mercaptoethanol
(5 mM) and ethylenediamine tetraacetic acid
(1 mM) (activators for glyceraldehyde-3-phos-
phate dehydrogenase) caused large increases in
NASH
NAD5
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FIG. 7. Time courses and effects of enzyme concentrations. The enzyme activity is ex-
pressed as mpinoles of NAD reduction or NADH oxidation per reaction tube on the
ordinate. The different concentrations of the enzyme (epidermal homogenate) are indicated
in this figure. • —, phosphoglycerate kinase (forward reaction): left, Q —--—-—, this
kinase (reverse reaction): center and A , phosphoglycerate mutase: right.
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Skin structure
Scalp
Epidermis
Hair follicle
Eccrine gland
Apocrine gland
Sebaceous gland
Dermis
Sole
Keratin layer
Granular layer
Prickle layer
Basal layer
Eccrine gland
Dermis
Lip
Mucous membrane,
upper
Mucous membrane,
lower
Sebaceous gland
parts of skin, in general, arc very high and com-
parable to those in the brain, liver, kidney, and
muscle (13, 17). Since this kinase occupies a cen-
tral position in the pathways of glycolysis and
its reaction is the integral part of the Embdcn-
Meyerhof scheme, it may be assumed that the
primate skin and its appendages have highly
active glycolysis, as most parenchymal organs
have.
A main physiological role of phosphoglycerate
kinasc is the synthesis of ATP (energy) as a
part of glycolysis. In addition, this kinase may
be one of the controllers in glycolysis, partici-
pating in the Pasteur effect. This is effected
through acceleration of glycolysis and the suc-
cessive aerobic oxidation, which lead to increased
ATP synthesis and lowering of ADP, both of
which are markedly inhibitory to the enzyme
(cf. Fig. 4 and 5). Thus the inhibition of phos-
phoglyceratc kinase decreases the rate of gly-
colysis to maintain an appropriate energy bal-
ance.
Phosphoglycerate Mutose
The cofactor function of 2, 3-PGA for muscle
31.8 2.1 phosphoglycerate mutase was discovered by
Sutherland et ol. (10). The purified muscle
37.0 3.0 enzyme exhibits only 10% of the maximal ac-
tivity when 2, 3-PGA is omitted from the assay
14.3 1.3 mixture. Our study showed that epidermal phos-
phoglycerate mutase possessed approximately
30% of maximal activity without addition of the
cofactor, which probably indicates that the cpi-
dcrmal homogenate contained some endogcnous
2,3-PGA. At the same time, it accords with
TABLE V
Comparison of some characteristics of phosphoglycerate mutase, enotase pyruvate kinase, and lactate
dehydroqenase of the primate skin
Phusphuglycerate
Pyeuvate kinase Lactate dehydrogenase
Mutase Eisolase
Choice of buffer
Optimal pH
Km for substrate
Mg required
Activity5 in
Epidermis
Eccrine gland
Apocrine gland
Sebaecous gland
Imidazole
7.0
5 >K 10
yes
15 to 30
20 to 30
14
10 to 20
Imidazole
7.1
5 >< 10
yes
10 to 28
13 to 29
7.6
6 to 10
Imidazole
7.1
6.7 X 10
yes
10 to 15
9 to 15
8.3
5 to 7
Tris
7.5
3 X 10
no
10 to 20
15 to 21
24.6
4 to 8
* Expressed as moles/kg dry wt/hr.
the reagent blank values. It appears that the
present assay method is practical and optimal
for primate skin.
Phosphoglyceratc kinase activities in various
TABLE IV
Phosphoytycerate mu lose activity in
various skin strnctures*
Rhesus munkcy
17.1 2.3
24.7 3.4
31.2 2.2
21.1 2.1
14.4 1.4
<0.4
<0.0
5.3 0.6
8.2 0.4
11.5 0.9
<1.4
15.0 1.4
25.5 3.5
24.2 2.4
11.7 1.8
<1.6
<0.2
6.5 1.1
11.3 1.0
16.7 1.5
22.6 2.2
<1.6
21.8 3.0
25.4 1.8
16.0 2.9
* Enzyme activity is expressed as moles of 3
PGA converted to 2-PGA per kilogram of dry
weight tissue per hour (moles/kg dry wt/hr)
standard error of mean. Each figure is the mean of
5 to 9 determinations.
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the fact that both muscle and epidermal enzymes
differ from the enzyme isolated from plant
sources, which does not require 2,3-PGA (18,
19).
The final steps of the Embden-Meyerhof gly-
eolytic pathway are catalyzed by phosphogly-
cerate mutase, enolase, pyruvate kinase, and
lactate dehydrogenase, in this order. It is of in-
terest to note the coincidence in both the ac-
tivities and distribution patterns of these en-
zymes in the primate skin and appendages (11,
15, 16). These four enzymes are abundantly
distributed in epithelial tissues and eccrine
sweat glands while relatively low activities are
associated with the sebaceous glands. The mu-
tase, enolase, and kinase activities of the apoc-
rine glands are also rather low, while the lactate
dehydrogenase of these glands is relatively high
(Table V). The mutase, enolase, and kinase, in
particular, are similar, not only in their ac-
tivities and distribution, but also in some of
their catalytic characteristics, such as optimal
pH, Km values, and Mg requirement. If the
enzyme systems in skin are under environmental
control, as in the mammalian liver system (20),
then the mutase, enolase, and kinase may be
under the control of the same induction and re-
pression factors.
sUMMARy
Micro assay of phosphoglycerate kinase and
mutase on 1 ig samples has revealed abundant
enzyme activities in the skin and its appendages
of the rhesus monkey and stump-tail macaqne.
The distribution pattern of this kinase in skin
appeared to be not particularly characteristic,
i.e., the enzyme activities in epidermis, mucous
membrane, hair follicle, sweat and sebaceous
glands were within the range of 10 and 20
moles/kg dry wt/hr. A study with epidermal
phosphoglycerate kinase showed the cofactor
nature of both adenosine diphosphate and mag-
nesium ion. Adenosine triphosphate was found
to be inhibitory. The data suggest a possible
physiological role of the enzyme as a regulator
of glycolysis (or one of the causative enzymes
for the Pasteur effect), in addition to its ob-
vious physiological role in the synthesis of aden-
osine triphosphate.
As far as phosphoglycerate mutase is con-
cerned, epithelial tissues, such as the epidermis,
hair follicles, and mucous membrane, contain
high activities, ranging from 15 to 30 moles/kg
dry wt/hr. Glandular structures have less ac-
tivity than the epithelial tissues (10 to 20 moles/
kg dry wt/hr), with the exception of the ecerine
sweat glands, which have the highest enzyme
activities (20 to 30 moles/kg dry wt/hr). Both
the activity and distribution patterns of phos-
phoglycerate mutase are in accordance with
those of enolase and pyruvate kinase in primate
skin. General catalytic characteristics, such as
optimal pH, preferential buffer system, Mg
requirement, and Michaelis constants, have also
been found to be similar among mutase, enolase,
and kinase enzymes. These findings coincide with
the successive locations of the three enzymes in
the glycolytie pathway and suggest the presence
of a common control factor for the enzymes in
normal skin.
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